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PROCEEDINGS 

OF THE 

AMERICAN PHYSICAL SOCIETY. 

MINUTES OF T H E TWENTY-THIRD MEETING. 

A REGULAR meeting of the Physical Society was held at Columbia 
University, New York City, on Saturday, February 27, 1904. 

At the afternoon session the presidential address was delivered by 
President A. G. Webster, the subject being: 

Some Practical Aspects of the Relations between Physics and Mathe
matics. 

During the presidential address the American Mathematical Society 
met with the Physical Society in joint session. 

The following papers were read: 
1. The Conduction of Electricity in Mercury Vapor. A. P. WILLS. 
2. Exhibition of Experiments Illustrating the Action of a Magnet on 

the Mercury Arc. PETER COPPER HEWITT. 

3. Photography of Cloud Particles and the Photographic Record of 
Atmospheric Nucleation. CARL BAKUS. 

4. Preliminary Measurements of the Short Wave-lengths Discovered 
by Schumann. THEODORE LYMAN. 

5. The Hall Effect in the Electric Arc. C. D. CHILD. 
6. Note on Some Further Observations on the Radiation Produced in 

an Alternating Condenser Field. FERNANDO SANFORD. 
Certain amendments to Articles I. and II. of the by-laws of the society, 

duly recommended by the Council, were on motion adopted. The pur
pose of these amendments was (1) to make it possible to elect Associate 
Members of the society hereafter as well as Regular Members; (2) to 
establish, for Regular Members, an entrance fee. Articles I. and II . , as 
amended, read as follows : 

I. 

(a) The membership of the society shall consist of regular members, 
honorary members, and associate members. 

(b) For the election of a new member to the society, either regular, 
honorary, or associate, or for the transfer of an associate member to 
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regular membership, it shall be necessary that a proposition in due form 
signed by two members of the society shall be presented at a meeting of 
the council, and that at a subsequent meeting of the council the person 
named in such proposition shall receive the favorable ballots of a majority 
of the members present. 

(c) Associate members are entitled to all the privileges of regular 
members except that they may not vote nor hold office. 

II. 

(a) The annual dues of regular and associate members shall be five 
dollars payable on the 1st of January. Each new regular or associate 
member, if elected before July 1, shall pay the full dues for the year; if 
elected after July 1, he shall pay two dollars and a half for the half year. 
Should the annual dues of any member remain unpaid beyond a reason
able time, the council shall remove his name from the list of members, 
after due notice. 

(£) Newly elected regular members, or members transferred from 
associate to regular membership, shall pay an entrance fee of three 
dollars. 

The following announcement was made by the secretary regarding the 
spring meeting of the Society : 

The spring meeting will be held in Washington, D. C , on Friday, 
April 22, and Saturday, April 23, 1904. Sessions for the presentation 
of papers will be held on Friday from 2 P. M. to 5 P. M., and on Sat
urday from 10 A. M. to 1 P. M. On Friday at 6 P. M. there will be 
an informal dinner, and later in the evening a lecture upon a subject to 
be announced later. On Saturday, at 1 P. M., a luncheon by the Philo
sophical Society of Washington, complimentary to the Physical Society. 
Saturday afternoon an excursion to the Bureau of Standards and the 
Weather Bureau. The arrangement of further details regarding the meet
ing is in the hands of a committee of the Philosophical Society of Wash
ington, at whose invitation the meeting is held in that city. 

Circulars giving further information will be mailed to all members 
well in advance of the meeting. 

ERNEST MERRITT, 

Sec7retary. 
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SOME PRACTICAL ASPECTS OF THE RELATIONS BETWEEN 

PHYSICS AND MATHEMATICS.1 

B Y A R T H U R G. W E B S T E R , 

I T is now more than four years since the American Physical Society 
has had a presidential address, and the only one that it has had set 

a pitch of ideality and enthusiasm that is hardly to be expected of subse
quent addresses. I shall therefore crave your indulgence if I am not 
able to touch so varied a field, nor to soar on eagle's pinions as did our 
illustrious first president on that occasion, while I invite your attention 
to "Some Practical Aspects of the Relations between Physics and 
Mathematics.'' 

Before touching upon my specific subject, however, it is proper to 
briefly review some of the chief happenings in physics between that time 
and this. Our own society was then making its entrance into the arena, 
and counted a membership of only 69, while now it is a strong and flour
ishing organization, embracing with few exceptions every working 
physicist in the country, and with a membership roll of* 220. This 
number has not been attained by making membership open to every 
applicant, but the attempt has been made to limit it to persons who have 
actually made contributions to the science. In order to extend the 
privileges of the society to a wider circle of those who have an interest 
in physics, but have not yet been able to engage in productive research, 
the establishment of an associate membership is now contemplated. 

Our first sad duty is to take account of our losses, chief among which 
is that of our first president, whose many-sided experimental skill and 
keen insight into the secrets of nature's ways made him without a peer 
among us. Who among us does not feel a patriotic pride when Row
land's value of the mechanical equivalent of heat is always quoted as 
among the most accurate, or when we remember that for the possibility 
of the most accurate work on the spectrum the world was indebted to an 
American? The breadth of Rowland's mind and the high ideals which 
ever guided him in the pursuit of truth are reflected in his presidential 
address, which marks a red-letter day in the history of this society. 

Within the year physics in this country has suffered a loss of the most 
grave nature. Though he was not a member of this society, in the death 

1 Presidential Address, delivered at a joint session of the American Physical Society 
and the American Mathematical Society, February 27, 1904. 
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of Josiah Willard Gibbs we all regret the loss of a master in a field to 
which we have as yet contributed but little to the world, the domain of 
theoretical or mathematical physics. To this subject Gibbs was what 
Rowland was to experimental physics. It is deeply to be regretted that 
his extreme modesty, and the very abstract nature of the subjects with 
which he dealt, prevented the knowledge of his work from being widely 
disseminated until late in his carreer, while his power to inspire and 
influence research might under other circumstances have been so much 
greater. Gibbs's chief title to fame will undoubtedly be found in his 
thermodynamical writings. Beginning with two important papers on 
geometrical methods of representation of the thermodynamical properties 
of bodies, by which in particular their behavior in the dffferent states of 
aggregation was clearly exhibited to the eye, he showed the advantage 
of considering the entropy and energy of the substance as the indepen
dent variables determining its state rather than the temperature and 
pressure. 

The laws of thermodynamics, as developed by Clausius and the other 
classical writers, are two : First, the principle of equivalence of work 
and heat which says that if a system be taken through any closed cycle 
of transformations of its state, the total heat given to the system CdQ is 
equal to the amount of work CdW done by it on external systems. If 
instead of a cycle we consider an infinitesimal transformation, dQ and 
dW are not exact differentials of any function of the variables determin
ing the state of the system, but the principle of equivalence states that 
their difference is, so that 
(1) . dQ — dW=dU, 

U being a function of the state of the system, called its energy. Sec
ondly, although dQ is not an exact differential, an integrating divisor 
can be found, which is the same for all substances, and, depending only 
on the temperature, can be taken as the absolute measure of the temper
ature. The function S, thus shown to exist, defined by the equation 

( 2 ) dS==s09 

is called the entropy, and the two laws are mathematically stated when 
we say that there exist an energy and an entropy function. In the defi
nition of entropy, the transformation is supposed to be reversible, or one 
which is the limit approached as the conditions of equilibrium are more 
nearly fulfilled. In an actual transformation, less heat is transformed 
into work than in a reversible one, or as, for the same heat taken in, more 
is thrown out without being utilized, the algebraic sum of all taken in 
dQ is less than if the transformation were made reversibly, accordingly 

(3) ,/Q<0,iS. 
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This second law of thermodynamics has been misused, especially by 
chemists and engineers, to prove that an infinitesimal amount of heat 
energy can always be decomposed into the product of two factors, one 
finite, which is here taken to be the temperature, and the other a perfect 
differential, as in many cases is actually true. The analogy with these 
cases is then supposed to demonstrate the existence of the entropy func
tion, and to take the place of the mathematical and physical reasoning 
which justifies its employ. The fallacy of this reasoning appears when it 
is stated that in all practical transformations it is not the equality, but the 
inequality, that is employed. 

Combining the equations of the two laws, we obtain 

(4) OdS^dU+dW 

and as soon as the work has been expressed in terms of the variables de
fining the state, the equation may be integrated. It may seem somewhat 
astonishing to the outsider that all of Gibbs's remarkable work with its 
extremely important consequences, many of which have been verified by 
experiment, while much more still awaits the experimental work which 
shall verify it, results from the careful consideration of this single total 
differential equation. Beginning with the simplest case, that of a homo
geneous substance under no stress but that of a uniform pressure, the work 
done is given simply by the equation dW=pdv, so that our equation 
becomes 

(5) OdS^dU + pdv. 

At the same time we find that two variables, say the temperature 6 and 
pressure/, completely determine the state of the body, so that the vol
ume is given as a functio'n of them. It then appears that, writing 

(6) dU=d dS — pdv, 

the temperature and pressure are the partial derivaties of the energy by 
the entropy and the volume, taken positively and negatively, respectively. 
From this it follows that if we represent the properties of the substance 
by a surface whose vertical coordinate, for instance, represents the 
energy, while the two horizontal ones are the entropy and volume, the 
temperature and pressure at any state are determined by the inclination 
of the tangent plane, at the corresponding point, the inclination of 
whose intersections with two vertical planes parallel to the coordinate 
planes is given by the derivatives DU/dS, dUjdv. Thus from a knowl
edge of the energy as a function of the entropy and the volume, we 
obtain all the quantities with which we have to do, which is not the case 
if the temperature and pressure are taken for independent variables, 
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because then we have to integrate the differential equation (5) in order 
to find c^and S. But not only this. By means of the sign of inequal
ity in (5) Gibbs is able to determine conditions for the stability of the ex
istence of a substance in a particular state, and to give it a geometrical 
form, which states that if a particular state is one of stable equilibrium, 
the representative surface at the point in question will have both its prin
ciple curvatures of the same sign, or the surface will be convexo-convex 
downwards, if the energy axis is drawn upwards. Maxwell was so 
impressed with the importance of Gibbs's researches in this line that he 
constructed with his own hands a model of such a surface for water in 
its three forms, the original of which may still be seen in the Cavendish 
laboratory in Cambridge, and a cast of which he sent to Professor Gibbs, 
who had it in his lecture-room. Before the time of Gibbs, almost the 
only questions of equilibrium which had been systematically dealt with 
had been those which treated of the equilibrium of the same substance in 
two states of aggregation, such as water and ice or vapor. By means of 
an extension of the manner of regarding the question, Gibbs was able to 
lay down the laws of equilibrium of substances in any number of what 
he called phases ; that is, different portions each by itself homogeneous, 
but different one from another not only physically but even chemically. 
Thus the foundation was laid for a general treatment of chemical phe
nomena. As soon as reversible processes could be devised for the 
removal from a particular phase, say a salt solution, of a particular con
stituent, say the water, for instance by evaporation, or by freezing out, 
it was possible to extend the differential equation to cover the equilibrium 
in question. If ml • • • mn denote the quantities of different chemical 
substances contained in a given homogeneous phase, the equation is 
written 
(7) dU= OdS — pdv + l\dmx -\ -f l\dmn, 

and the quantities ,nr are called by Gibbs the potentials relatively to this 
phase of the various constituents. They thus afford a direct measure of 
the h therto mysterious chemical affinity, and are the rates of increase of 
energy of the substance when unit quantity of the various substances is 
introduced without changing the entropy or volume of the phase. Thus 
to the conditions of dynamic equilibrium, that of a number of phases in 
presence of each other the pressure in each must be equal or there will be 
motion, and for thermal equilibrium that the temperature in each must 
be equal or there will be flow of heat, Gibbs adds the condition for 
chemical equilibrium, that for any constituent the chemical potential 
must be equal in every phase or there will be chemical reaction. As a 
consequence of this condition by the mere consideration of the number 
of variables involved, follows the celebrated phase-rule, which states that 
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in any equilibrium the number of phases present cannot be greater than 
two more than the number of constituents. For instance, a single con
stituent, like water, can be present in three phases,— solid, liquid, and 
vapor,—but then with no freedom, that is, only at one determined 
temperature and pressure, the triple point of James Thomson. If on the 
other hand there are only two phases, say liquid and vapor, we have one 
variable in terms of which the others are determined, say the temperature, 
which completely determines the pressure of the vapor. This phase-rule 
has become of extreme importance and received great experimental 
development at the hands of the physical chemists. Of the other sub
jects treated in the papers, including a complete theory of capillarity and 
a development of the ideas of osmotic pressure and of dilute solutions, I 
have not time to speak. These researches were of such an abstract char
acter, and were expressed in such severely logical form, almost devoid of 
particular examples, that for years they were very little known, and being 
published in a journal which was little accessible, they suffered still 
farther, until by the efforts of the chemists Ostwald and Le Chatelier, 
they were made at least partially accessible in German and French trans
lations. May I not express the hope that Yale University will now see 
its way to give the scientific world an edition of the complete works of 
Gibbs in order that we may not be longer compelled to obtain a knowledge 
of them through the medium of foreign languages. 

It is a pleasure to know that, in spite of the unfortunate circumstances 
noted, the value of Gibbs's thermodynamical writings was sufficiently 
appreciated during his lifetime to bring him the honor of the Rumford 
medal of the American Academy of Arts and Sciences in 1881, and the 
highest distinction of the Royal Society in its Copley medal in 1901. 

The bicentennial of Yale University was signalized by the publication 
by Professor Gibbs of a treatise in its way quite as striking as his thermo
dynamical researches; namely, his Elementary Principles in Statistical 
Mechanics. We here have a generalization of these processes which 
when applied to the kinetic theory of gases had been attended writh such 
fruitful results in the hands of Maxwell and Boltzmann. Gibbs here con
sidered the conditions of so-called statistical equilibrium of a very great 
number of precisely similar dynamical systems ; that is, systems determined 
by the same number of independent variables, with the same functions 
giving the kinetic and potential energies in terms of the velocities and co
ordinates, but with the states of the different systems, as determined by 
the values of the coordinates and velocities at any particular instant, vary
ing from one system to another, so as to embrace all conceivable states. 
The question that then presents itself is : In what manner must these states 
be distributed, that is, how many of each must there be, in order that as 
the systems move in accordance with the dynamical laws that govern 
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them all, the number of systems that are in any particular state shall not 
vary as the time goes on. Having found this condition, the next ques
tion is to decide upon the condition when the various systems are 
brought into relation so as to influence each other in some particular 
manner. To take the particularly simple example which led Maxwell to 
deal with the subject, consider a great number of very small material par
ticles flying about in a given region at random ; that is, with all possible 
velocities, and in all possible places. Supposing that all directions of 
the velocities are represented and that the number of particles whose 
velocities lie between u and u + du is <p(u)du, then what must be the 
nature of the function <p in order that, when influencing each other by 
collision, or by the exercise of repulsive forces between pairs of particles, 
the value of <p shall be independent of the time. Maxwell found that the 
result was that <p(u) = Au2e~cu , or in other words that the rectangular 
components ux, u , ux of the velocity are distributed according to the law 
of probability, e~c u*. If there are a number of particles in statistical equi
librium it turns out that the mean kinetic energy for those of one sort is 
the same as for those of another sort, and this result leads us to what is 
known as Avogadro's law, one of the most important laws of physics for 
the chemist. If instead of a set of particles, each of which has three co
ordinates, we have a system depending on a greater number, such as a 
rigid body, with six, the theorem known by the name of Maxwell and 
Boltzman tells us that statistical equilibrium is attained when the kinetic 
energy is equally shared among all the different degrees of freedom for 
each coordinate system. For instance, if we consider a pair of material 
points bound together by a thin rod, forming a dumbbell-like model of a 
diatomic molecule, and characterized by five degrees of freedom, the 
mean kinetic energy of translation for all the molecules is three fifths of 
the whole energy, thus giving us the ratio of the specific heats equal to 
1.4. These are practical conclusions of the kinetic theory of gases, and 
it is to the elaborate generalization of such theorems that Gibbs's work 
leads. The subject belongs to the mathematical theory of probability, 
with all the pitfalls which belong to that subject. A certain function of 
the state of the systems is found which, when they act upon each other, 
always tends to increase, and this is analogous to the thermodynamic en
tropy. It is in this manner that the deduction of the second law of 
thermodynamics, which has so long been sought as a consequence of the 
laws of dynamics alone, has its most promising mode of attack. Appar
ently this law is not to be deduced from the properties of a single system, 
but by averaging those of a great many systems similar to each other. I t 
is not to be denied that if Gibbs has not succeeded in this deduction, 
which he modestly disclaims, he has at any rate made a great stride in 
the direction of success. 
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I can here only mention Gibbs's work on the electromagnetic theory 
of light, in which the same method of averages is used, and in which he 
makes noteworthy contributions to the difficult theory of dispersion. 
Finally, a few words on the subject to which Gibbs seemed to attach 
great importance, but which in my opinion is of far less importance than 
the work already mentioned. His attention was early drawn to the 
convenience for the physicist of the use of the notion of vectors intro
duced by Hamilton and Grassmann. Being dissatisfied with their nota
tion, he devoted much attention to improving it, and made great use of 
it in his lectures. The great convenience of a system of vector analysis 
is now recognized by everyone, but how much of the short-hand advo
cated by one or another of its advocates is indispensible is still a matter 
for discussion. In my own humble opinion, what is necessary is the idea 
of a vector, and of the scalar or geometric, and vector products, along 
with that of the linear vector function and the notions of divergence and 
curl, while it is a matter of individual preference whether one shall write 
down the cartesian equations, or one of the three, or 'adopt a system of 
notation which may or may not convey more meaning to the eye, accord
ing to one's habits of mind. At any rate it may be said that, if present 
signs are to be trusted, there is as great a tendency to adopt the notation 
of Gibbs, as so well indicated and expounded in the treatise by his pupil, 
Dr. Wilson, as that of any of his competitors. With regard to the 
theory of vector analysis, considered as a branch of multiple algebra, to 
which Gibbs also made important contributions, I have no doubt that 
the pure mathematician will appreciate its value without need of the 
recommendation of the physicist. 

I have spoken thus at length of the work of Gibbs, not only because 
his work was so good an illustration of my main thesis, but also because 
I believe that it shows him to have been possessed of one of the most 
commanding intellects that this country has produced, giving him the 
right to be ranked with Maxwell and the great names of the century 
now gone. 

I pass now to some of the gains which physics has made in the last 
four years. The subject of radioactivity, which was then beginning to 
attract the attention of physicists, has since become of absorbing interest, 
and the extraordinary behavior of the element radium in the emission of 
energy without apparent source of supply has led us to expect develop
ments of the greatest importance in our theoretical notions. Even the 
non-scientific public, ever avid of the sensational, has interested itself in 
the properties of radium to an extent only rivalled by the discovery of 
the Rontgen rays, and has apparently got the idea that radium is to 
undo the chief conquests in physics of the past. Of this, however, we 
have no fear, but we welcome the new discoveries, with the confidence 
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that their mysteries will eventually be unravelled and will fit themselves 
into our system of mechanics without rupturing it. It is a pleasure 
to recall that in the subject of radioactivity one of the leading con
tributors has been, if not an American, at any rate a professor in an 
institution on the American continent, a member of this society and of 
its council, and a frequent contributor to its meetings, Professor Ruther
ford, of Montreal. 

During the last year of the life of Rowland, one of his earliest and 
most important discoveries was called in question ; namely, the mag
netic field produced by an electric charge in motion. It would have 
seemed to require a daring and experienced experimenter to question 
the existence of a phenomenon which had been twice verified by Row
land himself, but such was the insistence upon the claim that it could 
not be ignored. It is a satisfaction to know that experiments carried 
on under the direction of Rowland during the last months of his life had 
again confirmed his conclusion, and that he died in the full conviction 
that he had made no mistake. Others took up the subject, with equally 
positive results, but still the suspicion would not down. Finally, by 
the combination of efforts of Mr. Pender, who had verified Rowland's 
results in Baltimore, and of M. Cremieu, who had apparently disproved 
them, working together in Paris, the ghost was finally laid, let us hope 
not to rise again. 

Within the last two years another matter of great theoretical import
ance has been experimentally confirmed. Maxwell, in his treatment 
of light as consisting of electromagnetic waves, had shown that a per
fectly reflecting body exposed to light incident normally should exper
ience a pressure numerically equal to the density of energy in the 
medium in front of it. When Sir Wm. Crookes discovered the action 
of the radiometer thirty years ago, he at first supposed that it was the 
pressure of light which caused the action, until it was shown that the 
effect was of quite a different nature, being due to the action of the 
residual gases on the radiometer vane. This effect of Crookes had then 
to be eliminated before the pressure due to the light radiation itself 
could be observed, and this was at last accomplished, first by the dis
tinguished Russian physicist, Lebedew, and then, but with far greater ac
curacy, by our colleagues, Nichols and Hull. This brilliant confirmation 
of Maxwell's theoretical conclusion, involving experimentation of the 
highest order, constitutes in my opinion one of those achievements of 
which American physicists should be most proud. 

The subject of mechanical flight, whether it belongs to physics or 
engineering, is at any rate a good example of the truth that to any 
engineering invention there are three stages : first, the physical, in which 
the laws governing the process are determined ; second, the engineering, 
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in which it is found how they must be practically applied; and finally, 
the commercial, when it is found possible to put the invention into 
practice with profit. It is the two last stages that are most appreciated 
by the general public, which generally knows but little of the first. Thus 
the prolonged and well-planned endeavors of Langley to bring the ques
tion of flight successfully into the engineering stage, though very nearly 
crowned with success, have failed of popular acclaim, have been greeted 
with derision by a large part of the press, and made the author a target 
of abuse for congressmen, ignorant of the difficulty of the problem, and 
of the very great amount of meritorious work previously done by Pro
fessor Langley on the physical part, namely, the investigation of the laws 
of resistance of the air to the motion of plane surfaces. May we not, 
while according our admiration to these researches, also express the hope 
that the more practical investigations may also be brought to a successful 
conclusion. Pursuing the same object in a somewhat different manner, 
the brothers O. and W. Wright have met with even more success, and 
treating the problem of flight as it probably must be considered, namely 
as a species of athletic sport involving great skill in equilibration, and 
following on the lines of the unfortunate Lilienthal and later of Chanute, 
and learning the manipulation of soaring apparatus, have finally added 
mechanical propulsion, and made a successful flight of more than half a 
mile. 

In his address, Professor Rowland lamented the lack of great endowed 
laboratories of research, and contrasted the amount of money devoted to 
the promotion of research with that devoted to armies and navies for 
purposes of destruction. In this connection we have some progress to 
report. To be sure, the United States is expecting to spend some 
ninety-six millions of dollars on the navy during the coming year, al
though not engaged in war, but the government has also established 
the Bureau of Standards, for the buildings and equipment of which 
$550,000 has been already appropriated, with a large annual appropri
ation including for the current year the sum of $85,000 for salaries. 
Under the broad policy of its director, Professor Stratton, this institution 
will be to a large extent a research laboratory, and plans have been made 
for buildings of such convenience, with so complete an equipment, that 
I feel confident that this laboratory will be little, if any, behind the 
German Physikalisch-technische Reichsanstalt, a comparison as flattering 
as any I know how to make. Those who saw last year at Washington 
what had already been begun, and the plans of the buildings now under 
construction, and who heard this year at St. Louis the account of the 
work by Professor Rosa, will, I think, agree that I have not overestimated 
the importance of this institution. Its work will not only influence the 
work of physicists in general, but will have the most advantageous in-
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fhience on the work of instrument-makers in this country, and will tend 
to make us independent of foreign countries to an extent which has 
never been the case before. 

Finally, as a further step in palliation of Rowland's reproach, we have 
the foundation of the Carnegie Institution, which to be sure has not the 
income of $100,000,000 per year desired by Rowland, but which is 
nevertheless a most generous addition to the material facilities in aid of 
scientific research, and which will, if wisely administered, undoubtedly 
have a most helpful effect in advancing the interests of science. To be 
sure, we find that last year the grants in physics were only five thousand 
dollars, while a single chemist obtained one half this sum, and for this 
year economic science has received a grant of thirty thousand dollars for 
a single object. Whether, as has been intimated to me, the representa
tives of physics were not sufficiently active in presenting plans of re
search, or whether the administrators of the Carnegie Institution had six 
times as much confidence in the representatives of economics as in those 
of physics, the result is equally unflattering to us, and we must strive to 
remove its cause. As I have stated above, I believe that the sending of 
Dr. Pender to Paris by the Carnegie Institution to investigate with M. 
Cremieu the Rowland effect, will, if it shall have permanently settled 
the existence of this effect, be of enough importance to justify the ex
pedition of the whole sum appropriated to physics. 

This is not the place for me to examine the record of this country as 
to its contributions to physics at large. I believe it will be generally 
admitted that in physics, as in other sciences, as in art and literature, our 
contribution has been painfully small, as compared with what might have 
been expected from a people as numerous, as energetic, and as prosper
ous as ours. The names of Franklin, Rumford, Henry, and Mayer, were 
the only ones mentioned by Rowland as constituting the " meager list of 
those whom death allows me to speak of and who have earned mention 
here by doing something for the progress of our science." To these is 
now to be added his own name, while among those still living are several 
whose work has won the admiration of the world. We have at any rate 
now the spirit, and many praiseworthy researches are here produced each 
year. If it is true that few capital discoveries in physics have originated 
in this country, to what is it due ? Many replies suggest themselves. 
The application of so much energy to the subduing of a new country, the 
greater inducements offered by commercial success, the recent great ma
terial prosperity of the country, with a corresponding loss of ideality. It 
is undoubtedly true that the volume density of ideas connected with phys
ics is as yet abnormally small in the atmosphere in this country, on account 
of the newness of the habit of inquiring of nature at first hand, and on 
account of the isolation of physicists from each other and from the Euro-
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pean schools in which the habit of pondering on such subjects is old and 
well established. But I venture to propose another reason for this defi
ciency, not a sufficient reason, but to my mind an important one, and 
that is the insufficient equipment which American physicists have gener-
erally possessed in mathematics. 

That this lack has been a real one hardly needs argument. Before the 
Civil War and even later, it was impossible to obtain instruction even in 
pure mathematics in anything worthy the name. The early years of the 
nineteenth century were great years in physical discovery, but the work 
of Fourier, Poisson and Cauchy, of Gauss, Green, Young, McCullagh, and 
Fresnel, remained a closed book in our universities. Those few rare 
searchers who took up investigation in physics were obliged to do so 
without the help that theory, embodied in mathematical symbolism, can 
give. But here it may be asked, in fact university presidents do ask, 
" Can one not become an investigator in physics without mathematics? M 

and the name of Faraday will be adduced as a convincing example to the 
contrary. To that may be replied that what was to Faraday practically a 
tabula rasa is now so thickly written over that the difficulty of making 
new discoveries is greatly enhanced, and the need of all possible equip
ment greatly emphasized ; but also that in Faraday the lack of mathemati
cal knowledge was compensated for by a most wonderful intuition, which 
in itself would have constituted him a genius. But even Faraday, with 
all his intuition, failed to show how electrical actions could be transmitted 
through the medium which he felt sure did transmit them, and the elec
tromagnetic theory of light was left for another to invent. Maxwell, on 
the contrary, with his thorough mathematical equipment, taking up with 
enthusiasm the ideas of Faraday, was able to elaborate a system in which 
all the phenomena already known found a place, with room for the many 
not then known, which have since been found to justify his theory. 

This example of Faraday and Maxwell may be made an excellent text 
for a discussion as to the object of experimental investigation in general. 
What is fhe use in observing the pressure of light ? Is it merely that it is 
an interesting phenomenon, or is it because it fits into a great systematic 
arrangement of our knowledge of the mechanism of radiation, of the 
properties of energy and the laws of mechanics, as embodied in the differ
ential equations representing the properties of the ether. Is there, I ask, 
a grander achievement of the human intellect than this same theory of 
the ether, not built up like the theories of the ancients on a priori grounds 
and hypotheses, but arrived at by a gradual process of logical reasoning 
as more and more experimental facts became known, and gradually tak
ing on a simplified and comprehensible form, so that in the words of 
Lord Kelvin, ether is the only thing we know anything about. Why are' 
we so interested in the confirmation of Rowland's observation that an 
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electrified disk in rotation produces a magnetic field? Would that fact 
of itself be so important if it did not fit in with Maxwell's theory that 
charges are found at regions of divergence of the electric polarization of 
the medium, and that where this electric polarization is changing with 
the time, there is produced a magnetic field. Thus the phenomenon of 
Rowland takes its place as furnishing a term in the equations of Maxwell, 
explicitly introduced into them by Hertz, and contributing toward their 
symmetry and consistency. And if the Rowland effect does not exist, 
what becomes of the Zeeman effect, and of the determination of the mass 
of electrons by the curvature of cathode rays in a magnetic field ? 

But, it may be objected, the content of a theory, such as the theory of 
the ether, may be expressed in physical language without the employment 
of mathematical symbols and differential equations. Faraday's lines of 
force and his electrotonic state of the medium, it may be said, express as 
much as the triple integrals and the time derivatives of the mathematician. 
To a certain extent this may be true, but this extent must be very limited, 
and although, for instance, Faraday was able to state the law of induction 
of currents quantitatively in terms of the number of lines of force thread
ing a circuit, without reference to a surface integral expressing the flux, 
he was not able to state the quantitative laws of distribution of energy in 
the medium, to describe the method of propagation of the energy in 
waves, or to foresee the mechanical pressure of the radiation. 

Besides the argument resulting from the desire to coordinate our facts 
in a systematic theory, let us consider the practical help which mathe
matics affords to the experimental investigator as to what to look for. 
In the address from which I have so often quoted, Professor Rowland 
makes use of the statement that " a mathematical investigation always 
obeys the law of the conservation of knowledge : we never get out more 
from it than we put in . " This when taken literally is to be sure true, 
but it would be a great mistake to infer therefrom the practical fruitless-
ness of mathematical investigation of natural phenomena. Consider the 
possibilities of transformation. Let us not forget that although chemical 
action obeys the laws of conservation of energy, still from the mixture of 
the sour nitric acid and the sweet and harmless glycerine we get the 
powerful nitro-glycerine, fraught with powers for good or evil. So in 
the hands of Maxwell the volume integrals of Gauss and Laplace repre
senting action at a distance are transformed into differential equations 
representing action of the medium and propagation in time. This result 
is then left for experimentation to confirm, as it did in such a satisfactory 
manner at the hands of Hertz. As a further example, let us consider 
the position of an investigator of the conduction of heat who should be 
ignorant of the work of Fourier. To be sure, he might find out the laws 
of the stationary state, and this knowledge might stand to what we now 
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have of conduction in the relation of the knowledge of steady electric 
currents to that of all the phenomena of variable and periodic currents 
of electricity. The laws of heat conduction are in themselves extremely 
simple, and are embodied in the law of Fourier that the quantity of heat 
flowing across an isothermal surface in a given small interval of time is 
proportional to the duration of the time, to the area of the surface, and, 
most important, to the rate of fall of temperature in the direction of the 
normal to the isothermal surface. This law of conduction together with 
the previously known one that the elevation of temperature produced in 
a substance by the communication of a quantity of heat is proportional 
to that quantity, leads to the equation for the propagation of heat by 
conduction, 

du __ 2 f d2u d2u d2u j 

In like manner our knowledge of the propagation of a sound wave con
sists in the two statements that the acceleration imparted to a small por
tion of the medium is proportional to the resultant of all the pressures 
acting on it, and that the component in any direction is proportional to 
the rate of decrease of pressure as we go in that direction, and secondly 
that the pressure produced at a point depends in a definite manner on 
the compression produced there, say according to the adiabatic law. 
These two statements again lead us to the differential equation for the 
propagation of sound, which is, what is not the least interesting, the 
same as that for the propagation of light and of electric waves, as the one 
just mentioned is also applicable to the diffusion of liquids or gases, 

d2u _ 2 f d2u dlu d2u I 

W~a {dx2 + "dy2 + J^]' 
Is there now, I may ask, anything in the nature of the physical laws in
volved or in the manner of stating them which would lead one to infer 
that there was any extraordinary difference in the two modes of propaga
tion ? Is there even any such marked difference in the differential equa
tions ? I think that you will agree with me that it would take a physicist 
of very great intuition to describe exactly what would occur in the two 
cases, if, for instance, a small region in an unlimited medium were to be the 
seat of an initial disturbance, in the one case representing a hot spot, in 
the other a region of compression, or electric or magnetic field. And 
yet the beautiful method invented by Fourier and developed by Cauchy 
leads to the integral of the conduction equation, in case the tempera
ture is at a given time, / = o, distributed in any prescribed manner 
u=f(xyz), so that the temperature at any subsequent time / is repre
sented by the integral 
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where r represents the distance of the point af3y from the point xyz. A 
glance at this integral-tells the whole story, as follows : 

The temperature of any point xyz is the additive resultant of the 
effects of all the initially heated points, each producing an effect depen
dent on its distance away, and on the time that has elapsed, in accord
ance with the factor e~r /4a * j$ which, on discussion as a function of the 
time / and the distance r> gives the following results. The effect at the 
point xyz, no matter how far away, is immediately felt, the temperature 
rises to a certain maximum and then falls away, but the effect is never 
lost. The maximum temperature attained is less the greater the distance 
between the two points, and the rate of rise and fall is slower, but the 
striking thing is that some effect is immediately produced, as shown 
graphically by the curves which I show. Nor is the effect of the dis
tance to be overlooked, for although the time of maximum temperature 
is greater the greater the distance, it is not proportional to the distance, 
but to its square. Thus we see how futile it would be to seek a velocity 
of propagation of heat, for there is none. This solution, when applied 
by Lord Kelvin to the propagation of electric current in a cable in which 
the effect of self-induction was neglected, showing that the maximum of 
signals would be received at times proportional to the squares of the dis
tances, gave rise to the famous KR-law; and it was upon this basis that 
Lord Kelvin predicted the success of the Atlantic cable, by comparisons 
with the working of a short Mediterranean cable already existing. Here, 
then, was a practical result of a mathematical nature readily appreciated 
by capitalists of the caliber of Cyrus W. Field. 

Contrast the result just described with the result of the same method 
applied to the second equation. Without writing down the result, or the 
transformation which enables us to interpret it, which is longer, we find 
that the effect at any point is the resultant of the conditions at other 
points, but that in this case the effect is not immediately felt, but that it 
comes on at a time directly proportional to the distance between the two 
points, passes over, and the effect is gone. Thus sound, light and elec
trical disturbances are propagated with a definite velocity in waves, and 
we are able at all instants to identify the separate effects of each point, 
or, as we may say, to interpret signals sent us without'confusion with 
each other. It was by the discussion of the two terms in the integral of 
this equation that Kirchoff put the principle of Huyghens, and the ex
planation of interference and diffraction, upon a satisfactory dynamical 
basis. 

In connection with the two differential equations which I have men-
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tioned there comes the one which is an extension of them, and which 
arises when we attempt to find the law of propagation of sound in a vis
cous medium, of electric waves in a conducting dielectric, or of a tele
graph line whose self-induction is not negligible. This gives the equa
tion, first obtained by Kirchhoff, 

which has been called the telegraphist's equation, and which is of so< 
much importance practically in connection with telephony and the trans
mission of energy by alternating currents. It may here be guessed with 
physical intuition that the physical nature of the propagation will com
bine the characters of both the other modes, and this the mathematical 
discussion will verify. Here the method of Fourier is again applicable, 
although this was long unperceived, and the labors of Heaviside, Picard, 
Poincare, Boussinesq, and Brillouin have at last given us the general so
lution, which shows that while the propagation is by waves, and with a 
definite velocity, still the wave is in a measure wiped out as it proceeds, 
and leaves behind it a persistent trail which lasts indefinitely, and in 
telegraphy confuses the signals. The discussion of the solution, how
ever, suggested to Vaschy and Heaviside what was to be done practically 
to improve the transmission, and render telephony possible over still 
greater distances. It was the results of a mathematical discussion of par
ticular solutions of the telegraphist's equation, in a paper read in this. 
room, that led Professor Pupin to the great improvement in telephony 
which he has so successfully completed. It is of the greatest importance 
that the method of Riemann, and the applications of it by Darboux, 
Picard and others, have enabled us to classify equations so that the 
matter of the propagation of discontinuities stands out in clear relief. 

Let us now turn to the questions of the future or of the immediate 
present. What are they ? Though the ether itself is now well under
stood, at least as to its mode of action, the nature of its connection with 
matter is now prominently under discussion, and the electro-dynamics. 
of moving bodies is an extremely important subject for investigation. 
The importance of small charged bodies or electrons in the subject of 
radioactivity has aroused a very great interest in the question of the 
magnetic fields produced by moving charges, and every result of theory 
will be eagerly welcomed. Here the theory of Lorentz seems to be of 
the greatest promise, being an adaptation of Maxwell's theory to moving 
bodies, and the results of this theory have even led to the attempt on the 
part of Wien, Abraham, and others to explain dynamics itself on an 
electromagnetic basis, the inertia of a particle being due to the reaction 
of the magnetic field emitted by a moving electric charge (the Rowland 
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effect). The question of the relative motion of the earth and the ether, 
with the explanation of aberration is occupying the attention of the most 
skilled talent, both experimentally and theoretically. The question of 
the mechanics of radiation, and the distribution of energy in the spectra 
of hot bodies is another subject of the highest importance, in which great 
progress has recently been made, and more is confidently expected. 
Besides these, there is the ever-present attempt to simplify matters by a 
reduction to dynamical explanations, particularly in the matter of ther
modynamics, where the statistical methods of which I have spoken are 
undoubtedly to become of still greater importance. All of these subjects 
demand mathematical acumen and equipment of a high order, and it 
seems needless to argue the absolute necessity of such equipment to the 
successful physicist wishing to contribute in large degree to the extension 
of the world's knowledge. To the objection sometimes made, that the 
two kinds of mind, which are fitted at the same time for experimental 
discovery and for mathematical research, are rarely combined in the same 
person, and the suggesstion that the physicist ally himself with some 
mathematician who shall solve his theoretical difficulties, I reply that 
such happy marriages are rarer still, and that lacking an extraordinary 
amount of sympathy and insight on the part of the mathematician, the 
advice of Miles Standish is still good, 

" If you wish a thing to be well done, 
You must do it yourself, you must not leave it to others." 

As examples to illustrate my point, I may mention the names of Helm-
holtz, Lord Rayleigh, and Hertz, of whom it would be difficult to say 
whether they excelled most in theory or experiment. 

We come then to the practical question, how much and what portions 
of mathematics are necessary to the physicist, and how may the student 
be provided with them. It is unnecessary to say that first of all comes 
a thorough acquaintance with the infinitesimal calculus, with the ability 
to make use of it in manifold applications. Of these, the most impor
tant is mechanics, the foundation stone of physics, and the portion which 
we wish to include everything else. Upon a thorough training in me
chanics one cannot too strongly insist. And here it will not suffice to 
be content with the elementary notions, but the student must understand 
and be practised in the meaning and use of Lagrange's equations, and be 
acquainted with the methods used in the treatment of continuous media, 
as well as of discrete points. The subject of differential equations is of 
fundamental importance in all physical applications, and that of linear 
partial differential equations with constant coefficients should receive 
particular attention. As an indication of what is desirable in this 
direction I may mention Byerly's treatise on Fourier's series and Weber's 
reconstituted lectures of Riemann, of which the first may be especially 
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commended for the many examples for practice~rfurnished the student, 
and the latter for the greater variety of methods with which it gives 
acquaintance. The subject of the theory of functions of a complex vari
able is of such manifold importance in its physical applications, especially 
in connection with the conformal representation of surfaces, and with 
the linear differential equations with variable coefficients that arise from 
physical problems, that it must not be neglected. I believe also that it 
is impossible for the physicist to be too familiar with geometry, and in 
particular with those applications of the calculus usually denoted by the 
name differential geometry, as applied to the study of curves and surfaces. 

Having arrived at this point, I take the liberty of addressing myself 
to the mathematicians, and contemplating briefly the other side of the 
shield, by showing what they are to gain from the alliance with the phys
icists. I need hardly recapitulate the debt which mathematics owes to 
physical questions for proposing fruitful fields of inquiry. There is no 
need to go back to ancient times to speak of the measurement of land as 
giving the impetus to the study of geometry, or even to the time of 
Newton, whose attention was chiefly occupied by physical questions. 
From the time of Laplace and Lagrange, the greatest mathematical intel
lects have concerned themselves with physical matters. Gauss, who by 
common consent is without a peer in his century, was the author not only 
of the '' Disquisitiones Ar i thmet ics" but also of the "Forces acting 
according to the inverse square.' ' To how many investigations in the 
theory of differential equations and the theory of functions has the equa
tion of Laplace given rise ! Was not the investigation of Dirichlet on the 
convergence of trigonometric series, brought to the attention of the world 
by their application by Fourier to physical problems, the beginning of 
the modern critical study of functions of a real variable, and has not 
the subject thus begun been one of the most prolific in all modern analy
sis ? Did not the differential equations which have been most thoroughly 
studied, namely the linear differential equations of the second order, 
originate from the method of orthogonal curvilinear coordinates, applied 
by Lame to the study of the partial differential equations of physics ? Was 
not the subject of the Calculus of Variations called into existence, and 
does it not still draw most of its problems or examples from physical 
questions ? I will mention only brachistochrones and minimal surfaces. 
Even such exponents of the " purest " or least applied species of mathe
matics as Weierstrass and Kronecker found an application of the theory 
of elementary divisors in Lagrange's problem of small oscillations, while 
the attention paid to physical applications by Poincare, Picard and Klein 
is well known. But there is a still more practical reason that the mathe
matician should concern himself with physics, to a degree that is by no 
means uncommon in Europe, but is I believe far from common in this 
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country. I may say in fact, to speak in language that is sure to be 
understood in America, that it will be money in the pocket of the mathe
matician to make himself acquainted to a large extent with physics, and 
with the needs of physicists and even of engineers. Many a promising 
student, who has earned his doctor's degree in pure mathematics finds 
himself obliged to teach applications to physics, and what is likely to be 
his state of mind, however familiar he may be with the theory of groups 
or with the properties of power series, if he knows nothing of the poten
tial function, of dynamics, or of spherical harmonics ? I have even 
known mathematical graduates to have to teach thermodynamics and the 
strength of materials, and in engineering schools this is by no means in
frequently the case. 

I hope then that I have said enough to show that the interests of 
mathematicians and physicists are to a large degree identical, and that 
each can well profit by the work of the other. At any rate, they are 
both equally interested that the instruction in mathematics in the schools 
should be improved, and that throughout school and college the most 
practical methods should be adopted, with the minimum of waste. In 
this matter I am thoroughly in accord with the ideas expressed by Pro
fessor Moore in his presidential address to the American Mathematical 
Society a year ago, particularly in what he says with regard to the unifi
cation of pure and applied mathematics. The complaint is often made 
of the instruction in the schools that the algebra, and even the geometry, 
is largely meaningless to the scholar because he does not have any use for 
it. Now mathematics, though it has undoubtedly its raison d'etre if re
garded simply as an intellectual achievement, is for the great majority of 
those who use it a tool, to be mastered because one can do something 
with it, and the sooner that the student learns what he can do with it the 
better. I believe then that with every step in advance in algebra or 
geometry should be connected some application, so that the drawing-
board, the slide-rule and the performance of experiments in physics 
should all be closely bound together. In fact I would go so far as to 
wish that all the school mathematics and physics might be taught by the 
same person, or if this is not possible, that the work of the two depart
ments should be in the hands of teachers in the highest sympathy with 
each other's work. In this regard I share the desires of Professor John 
Perry in England, who is continually contending for the extension of the 
teaching of the useful and interesting rather than that of the formal or 
strictly logical. 

I shall now attempt briefly to sketch out a course, such as I think a 
student of physics should have, and to show that it is quite practical, 
and that without making inordinate demands. I claim no originality, as 
such courses are in existence at many of our leading institutions — I wish 
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merely to urge that all intending physicists take them. I will suppose 
that the school course in geometry, algebra and physics has been organ
ized as described by Professor Moore, and that the boy comes to college 
familiar with the elements of algebra, including the complex diagram, 
skilled with the drawing-board, the ruler and compasses, and practised 
in numerical computations, the use of tables and squared paper. He 
should also know enough of plane trigonometry to get along with — it is 
astonishing how little that is. 

Most of our colleges now have four year courses, and a students 
spends in addition three in graduate work before taking his degree. It 
will not be long before the college course is reduced to three years, 
whether we approve or no, and while it is not possible to make a physi
cist or mathematician in six years, we can at least give him a good start, 
and launch him on the scientific sea prepared to navigate for himself, 
without expecting him to make shipwreck. During the first year he will 
naturally devote himself to analytic geometry, of two and three dimen
sions, for I believe that soon after beginning they may be studied together, 
and to learning enough of the elements of the theory of equations and of 
determinants to apply them in geometry. By the end of this year he 
should have been introduced to the elements of calculus, without which 
I do not believe it pays to study analytic geometry. In connection with 
the analytic geometry he may also learn the elements of vector analysis, 
which is largely a matter of notions and notations. If anyone doubt the 
possibility of doing this in a year's course of five hours a week, I recom
mend him to read the preface of Perry's calculus, and see what that 
gifted teacher has himself accomplished. During the second year he 
should attack the calculus in a serious manner, guided by a text-book 
covering the subject matter of, say, Lamb's admirable text-book, learning 
at the same time more analytic geometry, and supplementing the examples 
with many from different parts of physics, such as are bountifully supplied 
by Perry. During this year he will certainly have made the acquaintance of 
mechanics, in a more satisfactory way than was possible the year before, 
and by the end of the year will have a good deal of practical knowledge 
of differential equations. Of course the squared paper and the drawing-
board will have been in constant use. The third year he will get at 
partial derivatives with a multitude of examples, definite integrals, an 
extremely practical subject for the physicist, and differential geometry. 
To give a concrete idea of what I mean, I will suppose the subject matter 
to have been covered in these three years that is contained in Lamb's 
and Perry's Calculus, Appell's Elements de 1'Analyse mathematique (an 
extremely attractive and practical book), and perhaps half of Scheffers' 
Anwendung der Differential- und Integralrechnung auf Geometric 
The student will then be prepared to take up mathematical physics in 
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earnest, and during the next three years the systematic study of differen
tial equations occurring in physics, with the developments in series of func
tions of Fourier, Bessel, Laplace and Lame, the theory of functions and of 
infinite series and the mathematical theories of electricity and light, sound 
and heat, all preceded by a liberal amount of mechanics, including elas
ticity and hydrodynamics, will have no terrors for him. It may be asked 
whether I would require all these subjects for the doctor's degree. I reply 
that I certainly should, if by that degree is meant an adequate prepara
tion for life, understanding by " l i f e " in this case the contribution of 
original work to the world. 

In the college work I believe that it would be of mutual advantage 
not to separate the two classes of students, mathematical and physical, 
nor them from those who pursue the subjects merely for their educational 
value, but in the university practical requirements may require a modifi
cation of this opinion. Here, again, I appeal to my mathematical col
leagues that they have the greatest sympathy for the needs of physical 
and engineering students who may come under their teaching. Remem
ber that though they, too, may have good brains and appreciate accurate 
logic, still to them mathematics is a thing to do something with, and that 
they require more than proofs that things are so, the knowledge that they 
may be used. Do not concentrate your attention upon existence theorems, 
or upon the question of the convergence of series to the exclusion of 
what I may call the probable conditions of convergence. On this point 
I may call attention to the views of Professor Klein in his last book, On 
the Application of the Calculus to Geometry, and to his remarks on 
approximation-mathematics. Of course, it is necessary to know what 
uniform convergence is, and that it is not always possible to differentiate 
or integrate a series term by term, but surely the instruction should lay 
more force on " thou shalt " than on " thou shalt not ." 

A friend of mine describes the effect on students of the teaching of 
one of his ablest colleagues, by saying that they are so scared that they 
never dare to integrate, differentiate, or touch an infinite series, for fear 
that something awful may happen. How different is this from the 
methods of Fourier, Green, Maxwell, and more recently of Heaviside, 
who, all untrammeled by academical restrictions, proceeds with the most 
extraordinary facility to make new contributions to our knowledge, leav
ing to other less original minds the task of demonstrating the correctness 
of his methods. 

Let no one say that it is impossible to steer the difficult course between 
the Scylla of rigor and the Charybdis of inaccuracy, for it has been done 
by excellent professional mathematicians in a way to be both attractive 
and profitable to the physicist. I need only instance the admirable 
Analytisch-Funktiontheoretische Vorlesungen of Fricke (whose Differ-



No. 4-] THE AMERICAN PHYSICAL SOCIETY. 3 1 7 

ential Calculus I would also commend in the same breath as that of 
Perry, though a great contrast to it) and in the Partielle Differential -
gleichungen of Weber, whose rewriting of Riemann's course has main
tained the clearness and elegance it had, while adding immensely to it in 
variety. A course on these two books would constitute a liberal education 
in mathematics for the physical student, practical in the highest degree. 

I have now sketched in a rough way what I think we can do for the 
aspiring physicist in the way of providing him with a mathematical 
panoply, and that without preventing him from spending the proper 
amount of time in the laboratory and of devoting a reasonable amount of 
time to the study of English, French or German, or even Latin and 
Greek. Fifteen hours per week is not too much to spend in the class
room while in college, and I believe that if the physical or mathematical 
student divides this equally between physics, mathematics and general 
culture, he will be safe. To those who demand that all the time in col
lege should be devoted to general culture and none to preparation for 
the business of life, I have only to say that they do not understand the 
exigencies of the strenuous life of scientific research. I regret, as much 
as they do, that there should be any physicists ignorant of Greek, to say 
nothing of Latin. What little of them I know I would not exchange for 
any number of definite integrals, or even milligrams of radium. Culture 
and the love of the beautiful and of the ideal we must all have — the more 
the better ; but let it be understood that this may come in different ways, 
and that we cannot all read the same books or think the same thoughts. 
Let not the poet, the musician and the painter set themselves over against 
us, however, and rail at us as devoted to the material. If they do so, 
they do it in ignorance, and let us not antagonize them, for we strive for 
the same ends. Ours is as idealistic a pursuit as that of the poet, and 
calls for as much imagination. • It is an intellectual joy that we strive 
after, which nature affords to us as well. Is the sky less blue to us 
because we can specify its wavelengths, or because we know that its 
color is due to diffraction by small particles? Is the music less sweet 
because we can resolve its motion into harmonics and develop it in a 
series of normal functions? I think not. It seemed to me particularly 
appropriate to see a fine pipe-organ in the drawing room of a great 
physicist, equally noted for his mathematical and experimental contribu
tions. Far be it from me to wish to substitute for Southey's description 
of " How the Water Comes Down at Lodor.e " — 

" Thumping and plumping and bumping and jumping, 
And dashing, and flashing, and splashing and clashing, 
And so never ending, but always descending, 
Sounds and motions for ever and ever are blending, 
All and at once and all o'er, with a mighty uproar — 
And this way the water comes down at Lodore," — 
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the statement that it descends with a uniform acceleration of 980 centi
meters per second per second, modified by the effect of viscosity and 
impact, and subject to the equation of continuity, that the vapor tension 
about drops of spray is larger than over smooth water, and that the region 
about is abnormally defective in radioactivity. Both sorts of statement 
have their place, and both appeal to the imagination. There are times 
when fact is of the most consequence; other times when fancy. The 
lines of Tennyson, 

" Every moment dies a man, 
Every moment one is born," 

are surely not improved by Babbage's suggested emendation in the 
interest of accuracy, 

" Every moment dies a man, 
And one and a sixteenth is born." 

But facts lead to fancies, and in the quest of nature's secrets, we are 
lifted above the material philistinism of every-day life. 

May the Americal Physical Society, and the American Mathematical 
Society ever continue their ways, like twin sisters, hand in hand, in 
pursuit of the good, the true and the beautiful. 
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T H E CONDUCTION OF ELECTRICITY IN MERCURY VAPOR. 1 

BY A. P. WILL . 

I F X represent the electromotive intensity in volts in the positive col
umn of a tube containing saturated mercury vapor carrying a current 

of electricity, then 
X=/(/,A,B) 

wherein / represents the current in amperes, A the vapor pressure in 
millimeters of mercury, D the diameter of the tube in centimeters. An 
approximate empirical form for the function / was determined; also the 
numerical values of the constants involved were found. This was accom
plished by making experiments upon tubes of different diameters (vary
ing from T.25 cm. to 5.08 cm.) with different currents (varying from 
.5 of an ampere to 3 amperes) at different temperatures, care being taken 
that the measurements were made when the vapor was saturated. Thus 
the vapor pressure and the vapor density could be deduced. Two 
thermo-couples were introduced into a tube about midway of its length 
at a distance from each other of about 15 centimeters. These served at 
once as a means of determining the temperature and the drop in poten
tial, the latter being measured by a Kelvin electrostatic voltmeter. 

It was found that for a constant current and a constant diameter the. 
relation between X and 4 is linear up to a certain pressure A Q while for 
higher values of the pressure the relation though still linear is represented 
by a line of lesser slope. The pressure AQ depends upon both the current 
and the diameter. 

The approximate form found for / is 

wherein a, 6, c, and a are constants which suddenly change in value when 
the pressure Aq is reached ; the numerical values of the constants which 
do not change appear in the equation. The numerical values of the con
stants which jump in value are : 

Below AQ Above An 
a .055 .15 
b .775 .398 
c 1.71 .122 
a .10 .37 

1 Abstract of a paper presented at the meeting of the Physical Society held on Feb
ruary 27, 1900. 
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It was difficult to determine Aq as a function of the current and the diam
eter very accurately but a rough approximation is 

t l f l = K — •=. > 
Q s/D 

wherein K = 4. 
The main part of the discussion was with reference to the positive 

column. But the matter of the drop in potential over the anode and 
over the cathode was also touched upon. The potential drop over both 
anode and cathode depends but slightly upon the current. Over the 
anode the drop in potential is about 7 volts and over the cathode about 
5 volts. Under abnormal conditions, for instance when the anode is 
covered with a bluish, velvety haze the potential drop over it may rise to 
15 volts or more. 

The experiments were carried out in the laboratory of Dr. Peter Cooper 
Hewitt, without whose collaboration the work would have been impossible. 

PRELIMINARY MEASUREMENT OF THE S H O R T WAVE-LENGTHS 

DISCOVERED BY SCHUMANN.1 

B Y T H E O D O R E L Y M A N . 

FOR the past few years the author has been engaged in an attempt to 
measure the short wave-length discovered by Dr. Victor Schu

mann, but it is only recently that this attempt has proved successful. 
Working in an atmosphere of hydrogen with a concave diffraction 

grating ruled upon speculum metal, an " end-on" tube filled with 
hydrogen gives numerous lines below the aluminum group at 1854. 

o 

The shortest wave-length so far observed has a value of 1178 Ang
strom units. The limit of error is two units. 

It is interesting to note that, contrary to expectation, speculum metal 
is able to reflect these very short wave-lengths to a considerable degree. 

This is but a preliminary notice. The author has in preparation a 
complete list of these new wave-lengths. He has also good hopes of still 
further extending the spectrum. 

It is the author's purpose to publish a detailed account of the investi
gation in the Proceedings of the American Academy, and perhaps else
where. 

1 Abstract of a paper presented at a meeting of the Physical Society held on February 
27, 1904. 


